Objective No population study investigated whether 24-h ambulatory blood pressure (ABP) predicts distensibility of the elastic common carotid (DCar) and the muscular femoral (DFem) arteries over and beyond conventionally measured blood pressure (CBP).
Conventional and 24-h ambulatory blood pressure as independent predictors of elastic arterial properties Objective No population study investigated whether 24-h ambulatory blood pressure (ABP) predicts distensibility of the elastic common carotid (DCar) and the muscular femoral (DFem) arteries over and beyond conventionally measured blood pressure (CBP).
Methods At baseline, we measured CBP and 24-h ABP in 1063 randomly recruited participants (mean age, 44.3 years). CBP was the average of five consecutive readings obtained by trained observers at the participants' homes. We measured arterial distensibility by a wall-tracking ultrasound system, 21 months after CBP and ABP (5-95th percentile interval range, 13-33 months).
Results Compared with men, women (49.2%) had higher (P < 0.03) DCar (24.7 vs. 23.3 ¾10 -3 /kPa) and higher DFem (10.6 vs. 9.2 ¾ 10 -3 /kPa). In multivariate-adjusted models, including both CBP and ABP and stratified by sex, DCar was negatively related to systolic, diastolic, and mean arterial CBP in both sexes, and to diastolic ABP in women. DFem was inversely correlated with diastolic ABP in both sexes and with systolic and mean arterial ABP in men. Moreover, DFem was also negatively correlated with systolic and mean arterial CBP in men. In most instances, pulse pressure on CBP or ABP measurement did not predict DCar or DFem. No evidence of influential collinearity between CBP and ABP was observed.
Conclusion Depending on vascular territory, there is competition between highly standardized CBP and ABP in predicting DCar and DFem. These findings show that CBP under standardized conditions, and subject to rigorous quality control, is equally predictive of the elastic properties of large arteries as ABP. 
Introduction
The consensus view is that automated techniques of blood pressure measurement, such as ambulatory monitoring or self-measurement at home, provide more accurate estimates of a patient's blood pressure than conventional measurement at the office [1, 2] . Consequently, ambulatory blood pressure and self-measured blood pressure at home are better predictors of cardiovascular complications than office blood pressure measurement [3] [4] [5] [6] [7] [8] . Currently, a few outcome studies compared the predictive value of the 24-h ambulatory blood pressure with that of highly standardized blood pressure measurements obtained by a trained observer in the home environment [9] .
The 2007 guidelines of the European Society of Hypertension carefully reviewed the evidence that arterial properties can be an intermediate endpoint in randomized clinical trials of antihypertensive drugs [1] . Moreover, several longitudinal studies in populations [10, 11] or hypertensive patients [12] [13] [14] [15] [16] showed that increased arterial stiffness leads to worse cardiovascular outcome. To our knowledge, no earlier population-based studies compared the relationship of arterial properties with conventional and ambulatory blood pressure measurements. The purpose of this study was to investigate whether 24-h ambulatory blood pressure monitoring at baseline predicted the elastic properties of the common carotid and femoral arteries over and beyond highly standardized blood pressure measurements obtained by skilled observers at the participants' homes.
Methods

Study population
The Flemish Study on Environment, Genes, and Health Outcomes is a part of the European Project on Genes in Hypertension. Starting from August 1985, we recruited a random sample of families from a geographically defined area in Northern Belgium [17] . The ethics committee of the University of Leuven approved the study. All participants gave written informed consent. The initial participation rate averaged 64.3%.
For a measurement of the elastic arterial properties, we reinvited 1322 former participants whose blood pressure had previously been measured at home and by 24-h ambulatory monitoring (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Of these 1322 participants, we excluded 259, because they were younger than 18 years (n = 91), because they did not have measurements at both the common carotid and femoral arteries (n = 154), or because their blood pressure measurements or their arterial properties were more than three standard deviations above the population mean (n = 14). Thus, the number of participants statistically analyzed totaled 1063.
Blood pressure measurement at baseline (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) As described elsewhere, the nurses involved in blood pressure measurement participated in a standardized quality assurance and quality control program of their blood pressure readings [18, 19] . Every 3 months, the accuracy of their blood pressure readings was checked, by using a video movie showing a falling mercury column with Korotkoff sounds, and by simultaneous blood pressure measurements by the nurses and physicians on life subjects. To pass the test, the film readings and measurements of the nurses had to be within 5 mmHg of the standard for the video or the physicians' readings. Nurses, who failed the test, were given additional training until they met the quality standards. The trained nurses visited the participants at home [19] . After the participants had rested in the sitting position for 5 min, the nurses obtained five consecutive blood pressure readings to the nearest 2 mmHg (phase V diastolic) by conventional sphygmomanometry. During the measurements, the participant's arm was supported at heart level. In most participants, standard cuffs with a 22 Â12 cm bladder were used. If arm circumference exceeded 31 cm, larger cuffs with a 35 Â15 cm bladder were applied. For analysis, we averaged the five blood pressure readings obtained at home. Hypertension was conventionally obtained blood pressure of at least 140 mmHg systolic or 90 mmHg diastolic or the use of antihypertensive medication.
On a separate day, validated oscilometric SpaceLabs 90202 and 90207 monitors [20] (Redmond, Washington, USA), fitted with the same cuff size as for the conventionally measured blood pressure at home, were programmed to obtain readings with an interval of 20 min from 8 : 00 h until 22 : 00 h, and every 45 min from 22 : 00 h to 8 : 00 h. The calibration of these devices was checked on a monthly basis against a mercury column. If the ambulatory recordings were longer than 1 day, only the first 24 h were analyzed. Intraindividual means of the ambulatory measurements were weighed by the time interval between successive readings [19] . Pulse pressure was systolic minus diastolic blood pressure. Mean arterial pressure was directly measured by the oscilometric SpaceLabs recorders, and calculated as diastolic pressure plus one-third of pulse pressure for conventional measurements.
Arterial ultrasound examination at follow-up (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) For at least 3 h before the vascular examination, the participants refrained from smoking, heavy exercise, and alcohol-containing or caffeine-containing beverages. By means of a pulsed ultrasound wall-tracking system (Wall Track System; Pie Medical, Maastricht, The Netherlands), three trained researchers obtained vascular measurements at the common carotid artery 2 cm proximal of the carotid bulb, at the femoral artery 1 cm proximal of the bifurcation into the profound and superficial branches, and at the right brachial artery 2 cm proximal of the antecubital fossa. As described elsewhere [21] , the observers applied applanation tonometry with a pencil-shaped probe (Millar Instruments Inc., Houston, Texas, USA) and calibration to mean and diastolic pressure at the brachial artery to derive the local pulse pressure at the other arteries. We computed the distensibility coefficient (DC) and the cross-sectional compliance (CC) from the diastolic crosssectional area (A), the systolic increase in the crosssectional area (DA), and the local pulse pressure (DP) [22] : DC = (DA/A)/DP and CC = DA/DP. A and DA were calculated as
The intraobserver intrasession variability was less than 10% for the carotid measurements, and amounted to 10-15% for femoral DC and CC [23] . The intraobserver intersession and interobserver intrasession variability were of the same order of magnitude [23] .
Other measurements
The nurses administered the same questionnaire at baseline and follow-up to collect information about the participants' medical history, smoking and drinking habits, and intake of medications. In addition, the nurses measured the participants' anthropometric characteristics. Body mass index was weight in kilograms divided by height in meters squared.
At baseline, we took a blood sample for the measurement of serum total and high-density lipoprotein (HDL) cholesterol, blood glucose, and serum creatinine. Diabetes mellitus was a self-reported diagnosis, a fasting or random blood glucose level of at least 7.0 mmol/l (126 mg/dl) or 11.1 mmol/l (200 mg/dl), respectively, or
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Statistical analysis
For database management and statistical analysis, we used SAS software, version 9.1.3 (SAS Institute Inc., Cary, North Carolina, USA). We analyzed women and men separately, because their blood pressure (Table 1) and elastic arterial properties (Table 2 ) differed significantly. We compared means and proportions by the standard normal z test and the w 2 statistic, respectively. We used McNemar's test for the pairwise comparison of proportions. Our statistical methods also included single and multiple linear regressions. Significant covariates of the vascular measurements were traced by a stepwise regression procedure. We set the P value for variables to enter and stay in the model at 0.10. We estimated the effect size of blood pressure on the arterial properties by using standardized regression coefficients. Covariates considered for entry into the model were observer (n = 3), and baseline characteristics, including age, body mass index, current smoking, intake of alcohol, and antihypertensive drug treatment.
In sensitivity analyses, we forced additional baseline covariates into the models, including the total-to-HDLcholesterol ratio in serum, blood glucose, serum creatinine, earlier history of cardiovascular disease, and in women also the use of oral contraceptives and/or hormonal replacement therapy. Furthermore, we also forced changes in the cardiovascular risk profile from baseline to follow-up into the models. Statistical significance was a two-sided P value of 0.05.
Results
Characteristics of the participants at baseline
The 1063 participants included 526 women (49.5%); 267 hypertensive patients (25.1%) of whom 118 (44.2%) were on antihypertensive drug treatment; and 643 (60.5%) hypercholesterolemic patients, of whom 30 (2.8%) were on lipid-lowering drugs. Women compared with men (Table 1) , had lower conventional and ambulatory blood pressures and less frequently reported intake of alcohol (P < 0.0001). In drinkers, the median daily alcohol consumption was 16 g. The prevalence of smoking was similar in both sexes (Table 1 ). In smokers, the median tobacco use was 15 cigarettes per day (5 -95th percentile interval, 3 -30) . Among 350 premenopausal and 176 postmenopausal women, 118 (33.8%) and 13 (7.4%) used oral contraceptives or hormonal replacement therapy, respectively. Table 2 presents the arterial properties by sex and vascular territory. Figure 1 shows the sex-specific associations of arterial distensibility with age; Fig. 2 presents similar information by quartiles of the conventional and 24-h ambulatory blood pressures.
Quality control of blood pressure measurement
The eight observers involved in the study measured blood pressure at home in 1063 participants, and obtained 5315 readings of both systolic and diastolic blood pressures. For systolic blood pressure, six observers did not show any number preference, that is, repetition of the same blood pressure value within each series of five consecutive measurements in 657 participants. Two other observers showed number preference in five of 92 participants (5.4%) and in 10 of 314 participants (3.2%), In terms of digit preference, among the eight observers, there was an overrepresentation (expected 20%) of a terminal zero, amounting to 4.7% (P < 0.0001) for systolic pressure and to 6.7% (P < 0.0001) for diastolic pressure. No significant differences in the frequencies of systolic values ending on 2, 4, 6, or 8 (P = 0.97) were observed. For diastolic blood pressure there was an underrepresentation of values ending on 2, 4, and 6 (approximately 2.5%; P < 0.0001). Of the 10 630 readings, six (0.06%) for systolic and three (0.03%) for diastolic blood pressure ended on an uneven number.
The 1063 ambulatory blood pressure recordings spanned a median of 22 h (5 -95th percentile interval, 20-24; interquartile range [21] [22] [23] . The median number of readings per recording was 44 (5-95th percentile interval, 32-59; interquartile range 40-56 readings).
Arterial distensibility in relation to the conventional and 24-h blood pressures
In keeping with earlier analyses [26] , stepwise regression identified the following covariates as significantly related to the arterial properties in women and men: age, body mass index, smoking and drinking habits, and antihypertensive drug treatment. We therefore adjusted all analyses for these covariates, and in addition for observer.
Both before (Fig. 2 ) and after adjustment (Table 3) for the aforementioned covariates, systolic and diastolic blood pressures and mean arterial pressure predicted the distensibility of the common carotid and femoral arteries in women and men, irrespective of whether blood pressure was measured conventionally or by 24-h ambulatory monitoring. The only exception was the association between femoral distensibility in women and diastolic blood pressure on conventional measurement (P = 0.08; Table 3 ). Both before and after adjustment, pulse pressure was not a strong predictor of arterial distensibility ( Table 3 ). The adjusted associations were only significant for femoral distensibility in relation to the conventional pulse pressure in both sexes, and for femoral distensibility in relation to the 24-h ambulatory blood pressure in men.
In fully adjusted models, we next adjusted the conventional blood pressure for the equivalent 24-h ambulatory blood pressure, and vice versa. In these analyses, depending on arterial territory, there was competition between the conventional and ambulatory blood pressures in predicting arterial distensibility (Table 3 ). The distensibility of the common carotid artery remained consistently and negatively related to the conventional measurements of systolic and diastolic blood pressure and mean arterial pressure in women as well as in men. In contrast, in fully adjusted models, femoral distensibility was inversely related with the 24-h diastolic blood pressure in both sexes and with systolic and mean arterial pressure in men.
In some instances, such as for carotid distensibility in relation to diastolic blood pressure in women and for femoral distensibility in relation to systolic blood pressure and mean arterial pressure in men, both conventional and ambulatory measurements were predictive. In none of the aforementioned models, the condition index exceeded 36.0, excluding influential collinearity between the conventional and ambulatory blood pressures. The results for the CC coefficients of the common carotid and femoral arteries were not materially different from those of the DCs.
Sensitivity analyses
The median interval between the blood pressure measurement at baseline and the arterial ultrasound examination was 21 months (5 -95th percentile interval, 13-33 months). From baseline to the vascular examination, body mass index increased by 0.17 kg/m 2 (95% confidence interval: 0.05-0.28; P = 0.004) in men, and by 0.22 kg/m 2 (confidence interval: 0.08-0.35; P = 0.002) in women. Prevalences during the examination visit were: 
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Associations of arterial distensibility with age by sex.
Arterial elastic properties and blood pressure Wizner et al. 15 30.5% (n = 324; P value for comparison with baseline, 0.32) for smoking; 45.3% (n = 482; P < 0.0001) for drinking alcohol; 3.0% (n = 32; P = 0.0006) for a history of cardiovascular disease; 13.6% (n = 145; P = 0.0002) for the use of antihypertensive drugs; and 4.2% (n = 45; P = 0.02) for the intake of lipid-lowering drugs. From baseline to follow-up, the percentage of women taking contraceptive pills decreased by about a half (22.4 vs. 12.0%; P < 0.0001), but the proportion of women on hormonal substitution therapy remained unchanged (2.5 vs. 1.9%; P = 0.26). Our results remained consistent, when we forced the following covariates into the regression models: the ratio of total-to-HDL-cholesterol in serum, blood glucose, serum creatinine, earlier history of cardiovascular disease, and the use of female steroid hormones. Moreover, when we additionally adjusted our models for changes in body mass index from baseline to follow-up, duration of follow-up, and changes in smoking habits, treatment status (antihypertensive and lipidlowering drugs, and female steroid hormones), our results remained unaltered.
Discussion
The key finding of our study was that highly standardized conventional blood pressure readings performed by skilled observers in the relaxed home environment were, in general, equally predictive of arterial distensibility as the 24-h ambulatory blood pressure. The predictive value of both types of blood pressure measurement varied by vascular territory, sex, and blood pressure component. In general, systolic, diastolic, and mean arterial pressure were strong predictors of arterial distensibility, irrespective of the type of blood pressure measurement, whereas pulse pressure was only a weak predictor. To our knowledge, ours is the first population-based study addressing the 
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Arterial distensibility by quartiles of blood pressure and sex. DBP, diastolic blood pressure; SBP, systolic blood pressure.
association between arterial distensibility and the conventional as compared with the ambulatory blood pressure. The median interval between the arterial examination and the blood pressure measurements was 21 months.
Our current results are in line with an earlier study of 391 patients (mean age, 71 years) [9] , which compared the predictive value of the conventional blood pressure measured at home by a general practitioner with that of the ambulatory blood pressure. During a median followup of 10.9 years, 86 patients (22%) suffered a cardiovascular event. The adjusted relative hazard ratios associated with a 1-SD increment in systolic blood pressure were similar for the conventional, daytime, and nighttime blood pressure (1.32, 1.33, 1.42, respectively). Most other studies on the association of arterial properties with various types of blood pressure measurement were cross-sectional [27] [28] [29] and involved selected hypertensive patients [8, 30] or compared the office blood pressure with the self-measured blood pressure at home [8, 31] or with the 24-h ambulatory blood pressure [8, 27] . Jula et al. [32] studied 233 referred hypertensive patients, who were all off treatment. A trained nurse measured the clinic blood pressures. Two readings at four visits were averaged for analysis. The home blood pressure in this Finnish study was the average of two readings in the morning and two in the evening on 7 consecutive days. The home blood pressure was selfrecorded with a semiautomatic oscilometric device. The unadjusted Pearson's correlation coefficients of clinic, home, and 24-h blood pressures with albuminuria and left ventricular mass index were nearly equal. On the basis of these cross-sectional findings, the Finnish investigators [32] concluded that carefully controlled nonphysicianmeasured clinic and self-measured home blood pressures were as reliable as the ambulatory blood pressure in the clinical evaluation of untreated hypertension.
Numerous studies compared conventional and ambulatory blood pressure measurements for association with intermediate or hard cardiovascular endpoints in a crosssectional or longitudinal manner. A few of these studies, however, if any, reported on the quality of the conventional blood pressure readings [18, [33] [34] [35] , whereas measurement of the 24-h ambulatory blood pressure was generally well standardized. The quality of the conventional blood pressure readings in our study was high. At screening in the Second Australian National Blood Pressure Study [35] , observers obtained three consecutive measurements of blood pressure, by using a standard mercury sphygmomanometer as in this study. For both systolic and diastolic blood pressures, observed digit preference fell within 7% of the expected frequency. The Australian investigators did not report on number preference. In an observational study conducted as multiple standardized audits in general practice in Merseyside (United Kingdom) [33] , 86% of all systolic blood pressures and 77% of diastolic pressures ended in zero. In the Systolic Hypertension in Europe Trial [36] , the prevalence of the use of terminal digit zero while measuring sitting systolic blood pressure (first readings) reduced from an average of 42.4% in the year before the date when a center first randomized a patient to 31. Arterial elastic properties and blood pressure Wizner et al. 17 trend was independent of the calendar year during which a center entered the trial and supports the hypothesis that data-quality monitoring, including the feedback regarding digit preference to centers, led to a reduction in terminal digit zero preference. In addition, a higher-than-expected prevalence of the systolic blood pressure value of 148 mmHg was found in the double-blind phase. Selection for 148 mmHg persisted over time and constituted a singlenumber preference bias. This arose from the instruction to investigators to reduce systolic blood pressure to below 150 mmHg.
In 28-47 hypertensive patients recruited in the framework of the European Lacidipine Study on Atherosclerosis [37] , blood pressure at enrollment was measured both by mercury sphygmomanometer (three readings [38] ) and by 24-h ambulatory monitoring. During the run-in period, carotid distensibility was measured with the same wall-tracking system as in this study. Radial distensibility was measured by means of an ultrasonic device (NIUS 02, Omega, Bienne, Switzerland). In unadjusted crosssectional analyses, carotid distensibility showed negative correlations of about the same magnitude with both office and 24-h systolic blood pressures (r = -0.45, and -0.58, respectively; P < 0.008). Adjustment for age removed the significant correlation with the office blood pressure (r = -0.33; P = 0.06), but not with the 24-h systolic blood pressure (r = -0.44; P = 0.02). Radial distensibility was not associated with blood pressure, irrespective of the type of measurement.
This study must be interpreted within the context of some potential limitations. First, the observer-made blood pressure readings in the relaxed home environment are different from the conventional blood pressure measured in a medical setting, as well as from the self-measured blood pressure at home. Therefore, our current findings cannot be extrapolated to these other types of blood pressure measurement. Second, a quality control program of conventional blood pressure measurements, as set up in this study, might be difficult, if not impossible, to implement in routine clinical practice. Self-measurement of blood pressure at home by means of validated automated devices might be a more practicable approach. Third, at variance with earlier reports [27] [28] [29] , our study had a longitudinal design. Several studies [39, 40] showed that arterial remodeling occurs in elastic [39] and muscular arteries [40, 41] within a few weeks [41] to 6 months [39] after an alteration of the hemodynamic loading conditions. Cardiovascular risk factors changed during the 21-month interval (median) between the blood pressure measurement at baseline and the ultrasound examination of the carotid and femoral arteries at followup. Our findings, however, remained basically unchanged in fully adjusted models, in which we accounted for timerelated changes in cardiovascular risk profile.
In conclusion, depending on vascular territory, there is a competition between highly standardized conventional blood pressure measurements and the 24-h ambulatory blood pressure in predicting the distensibility of the carotid and femoral arteries. These findings show that the conventional blood pressure under standardized conditions, and subject to rigorous quality control, is an equally strong predictor of the elastic properties of large arteries as the 24-h ambulatory blood pressure.
